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Challenges – Acceptable Reasons*

•Resources

•Limits of knowledge

Opportunities – Real Reasons*

•Future scenarios

•New frontiers

Capabilities – We have the technology

•People

•Philosophy

•Technology

*reference to speech by NASA administrator Mike Griffin



Synthetic Biology, 
artificial evolution…

Hybrid 
Manufacturing

Big Data 
Analytics

3D Scanning

Art and Design

Healthy, Relevant, 
Sustainable Future
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Physiomimetics

Biomimetics

Paleomimetics

Physioteleology

Anthropomimetics



Future opportunities and challenges

 Space tourism

 Flying cars, congested airspace

 Solar flares

 Asteroid impact

 US faces competition from Asia and Europe

 Journey to Mars/Moon – radiation, earth-independence



Detect Surroundings

Detect health and current 

state of system

Morph to Optimal 

state

Identify pathways to 

change from current state 

to optimal state

Determine optimal 

future state

SOFTEE - Self-Organizing 
Fluidcraft for Terrestrial and 
Extraterrestrial Exploration
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Tools to solve challenges using bio-

inspiration

 BioTRIZ - http://www.biotriz.com/

 AskNature – www.asknature.org

 PeTaL – NASA GRC developing this tool – https://www.grc.nasa.gov/vine
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Day 1: An Evolving Discipline

Day 2: Architecture, Art…

Day 3: Educational Aspects

http://www.biotriz.com/
http://www.asknature.org/
https://www.grc.nasa.gov/vine


PeTaL – Periodic Table of Life8





Biomimicry as defined by?

 Biophysics (Otto Schmitt, 1957)

 Bioengineering

 Biomechanics

 Biomedical engineering

 Bionics (like life) – Jack Steele (1960)

 Biomimesis, biomimicry (imitation of life)

 Otto Schmitt (1960)

 Janine Benyus (1999)

 Others???
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“Terminology is the generalist’s biggest enemy but is 

essential to accomplishing the generalist’s goals”



Otto Schmitt

 Ph.D. with majors in Physics and Zoology, minor in mathematics

 Came up with ‘biomimetics’

 Invented Schmitt trigger, cathode follower, differential amplifier…
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Emphasis on non-invasive observation and analysis



World Biomimicry Timeline

~ uncertainty in time

? unverified event

biomimicry application/tool

Vikram Shyam, NASA Glenn Research Center, 2016

Biomimicry/Biomimetics/Bionics has been going on for a long time.
Buckminster Fuller was one of the first to suggest a systems approach.
Advent of internet, new forms of media helped popularize practice thanks to people like Janine Benyus.



2000-2005 Blankson biomimicry 

plans

2011

Koch Bio-inspired 

Acoustic 

Absorbers

2012-Present GRC Biomimicry planning Shyam
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2001

Colozza 

NIAC

Mars 

Entemopter

Feb 2014

Moran -

GLBio visits 

GRC

May 2014

Shyam/GLBio

GRC Connections 

Potential for 

Biomimicry 2015

Sankovic - GRC incubation

2011-present - Shyam Seal Whisker to turbines

1991

NASA Bionics 

Workshop

Report

2016

Biomimicry 

Summit

NASA/OAI/

GLBio

NASA Biomimicry Timeline – a first draft

2000

Siochi 

LaRC Biomimetics

Report

2015

Kulkarni/Shyam

Whiskers to Probes

2015

Wroblewski/Shyam

Artificial Evolution of Seal Whiskers

2015

DeMange/Dunlap/

Shyam – Penguin 

Feathers to Thermal 

Seals

2010-present  Blankson – Penguins to Sonic Boom Mitigation

2003-present - Bar Cohen Biomimetics and robotics, newsletters, books, patents…

2015-2016

Tacina –

Nautilus Shells 

to Fuel injectors

2012-present - Shyam - PeTaL

2015

Perusek – Bio-inspired 

Exercise Equipment 

for Space

2016

GRC Biomimicry 

Workshop

Jan 2013 - Studor founds INCOSE NSWG

1991 Bushnell – Biomimicry and Drag

2011-present - Bowers Prandtl Wings

1993-2007 Blankson Seeing Through Fog

2011-present - Rothschild Syn Bio, astrobiology, biomaterials…

2004 Christiansen - GRC-2025 Study

Led to Formation of the Biomimetics

Institute, a “virtual” institute

Thanks to Isaiah Blankson, Eric Bobinsky, Mia Siochi, Dennis Bushnell, Lynn Rothschild, Yoseph Bar Cohen for information to reconstruct

2015

Frost

Bug-eye Sensors
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Patterns and optimality

 Nature uses similar patterns but tweaks them for different conditions.

 To observe a pattern we must phrase the question appropriately

 Spirals are used in nature to

 Pack more efficiently (sunflower seeds)

 Mix flow (vortices)

 Maintain structural integrity (nautilus shell)

 Spirals are good at distributing mass, energy, force

 Similarly, sinusoids or bumps of varying amplitude, wavelength are found 

and are used for changing the frequency or amplitude of flow properties
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Patterns and convergence

 These patterns exist even in human interactions

 Big ideas take time to develop. During this time there is division (think flat 

earth vs round earth)

 Generalists and specialists? Collective learning always feeds into formation 

of philosophy that tries to unify more and more of our collective learning 

through space and time.
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Time

Political will
Agreement on ideas
Economic incentives
Challenges
Big ideas or unifying theories
Frustration/happiness
Productivity
…



The information age meets design by 

information
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Julian F.V Vincent et al., “Biomimetics: its practice and theory“ J. R. Soc. Interface 2006;3:471-482

Human solutions create problems Nature uses information to solve them





New perspectives

 Extinct species may be vast untapped resource for bio-inspiration

 Average species lifespan is ~10M years. It is arrogant to assume that the species 
around us are somehow optimal or successful because they exist while we do

 Some went extinct due to asteroid impact, mega-volcanoes, others were specialists 
and climate change caused competition that they were unable to adapt to.

 New techniques like finite element analysis and swarm algorithms may enable 
researchers to piece together fossils and test hypotheses

 Ancient humans had to live without electricity and modern tools – they 
maintained temperature through city planning and ingenious design

 Earth’s past may offer insights into extraterrestrial climes/life

 NASA GEER facility – simulate past, predict future?

 Learn from behavioral response to extinction, climate change

 Learn from mistakes when we scatter to the stars… 
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Synthetic Biology, 
artificial evolution…

Hybrid 
Manufacturing

Big Data 
Analytics

3D Scanning

Art and Design

Healthy, Relevant, 
Sustainable Future
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Physiomimetics

Biomimetics

Paleomimetics

Physioteleology

Anthropomimetics



Summit Objectives…

 Establish a convergence of practitioners, disciplines, bio-inspired 

philosophy, tools, and research to benefit NASA, the nation and planet

 This will be accomplished through V.I.N.E. (Virtual Interchange for Nature-

inspired Exploration). https://www.grc.nasa.gov/vine/

 The long term research vision of V.I.N.E is to create bio-inspired 

autonomous, self-sufficient, and sustainable systems that are responsive to 

their environments. This will also require a new way to approach 

engineering and design.
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VINE
Virtual Interchange for Nature-inspired 

Exploration

Nature-inspired Exploration on Earth and In Space For the Benefit of All Life

https://www.grc.nasa.gov/vine/
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Philosophy

VINE Research Tree

Tools to absorb ideas 
based on philosophiesARMD

STMD

HEOMD

SMD

mysticism
Newtonian physics

Paleontology

Low hanging fruit

Engineering

Bionics/Biomimicry AskNature

Credit: V. Vydyula

animism



Aerospace, Biomimicry 

and other Cool things…
or Neanderthals, Nautilus Shells and NASA - Connecting Past, Present and 

Future to Expand our Domain of Inquiry and Range of Applications
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